A Gram-reaction-negative, aerobic, non-spore forming, rod-shaped bacterium motile with a single polar flagellum, designated strain hydD622 T , was isolated from the sediment of a tidal flat 
T ).
The genus Agarivorans was first proposed by Kurahasi & Yokota (2004) , who isolated bacterial strains from the marine mollusk Omphalius pfeifferi in the Kanto area, Japan. The major characteristic of the genus Agarivorans is its agarolytic activity, and members have isolated from marine environments including marine animals, seawater, and seaweeds (Kurahasi & Yokota, 2004; Du et al., 2011; Park et al., 2014) . Agar is a complex polysaccharide and can be obtained from red algae. Agar has been used as a food additive in many Asian countries. It is also one of the gelling materials commonly used in preparation of solid medium for cultivation of microorganisms. On the other hand, degradation products of agar formed by the hydrolysing enzyme agarase are simple sugars that can be used as substrates for biofuel production (Chi et al., 2012) . During a sample collection and bacterial biodiversity study to isolate novel bacteria in Asan Bay, Korea, one novel strain, designated strain hydD622 T ,with agardegrading activity was recovered. Phylogenetic analysis of the 16S rRNA gene sequence showed that the isolate is affiliated within the genus Agarivorans by having similarity with Agarivorans litoreus GJSW-6 T (98.4 %), Agarivorans albus MKT 106 T (98.0 %) and Agarivorans gilvus WH0801 T (96.5 %), respectively. Through phenotypic and phylogenetic analyses, we report that strain hydD622
T represents a novel species in the genus Agarivorans for which the name Agarivorans aestuarii sp. nov is proposed.
To isolate strain hydD622 T , a serially diluted seawater suspension of tidal flat sediment from Asan Bay, Korea (36 58¢ 43 † N 126 47¢ 55 † E) was plated onto mineral salt (MSA) medium (Kim et al., 2001) which contained 3 % NaCl and 10 mM dimethylamine as the sole carbon source. After incubation for 1 week at 25 C, the colonies that formed were transferred onto fresh MSA and purified with a standard plating technique until pure cultures were obtained. Strain hydD622
T was one of the strains isolated. Strain hydD622
T was cultivated on MG -marine broth 2216 (MB; Difco) solidified with 1 % gellan gum (Junsei) instead of agar (Janssen et al., 2002) -and preserved at À70 C in 15 % (v/v) glycerol solution.
The Gram reaction was tested with the non-staining method described by Buck (1982) . The cell morphology of strain hydD622 T was examined with transmission electron microscopy using cells grown on MB at 25 C for 24 h. Genomic DNA was extracted according to a simple and rapid method (Chen & Kuo, 1993) , and the 16S rRNA gene of hydD622
T was then PCR amplified and sequenced using universal bacterial primers: 27F (5¢-AGAGTTTGATCC TGGCTCAG-3¢) and 1492R (5¢-GGTTACCTTGTTACGAC TT-3¢). Three additional primers, 337F (5¢-GACTCC TACGGGAGGCWGCAG-3¢), 785F (5¢-GGATTAGA TACCCTGGTA-3¢) and 518R (5¢-GTATTACCGCGGC TGG-3¢) were used to sequence the 1497 bp of the 16S rRNA gene. The taxonomic position of the strain was analysed with the EzTaxon database (http://eztaxon-e.ezbiocloud.net/). The sequences of related strains retrieved from the EzTaxon server and GenBank were aligned by using CLUSTAL X (Thompson et al., 1997) and edited by BioEdit (Hall, 1999) . A phylogenetic tree was reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony algorithms (Fitch, 1971) in MEGA6.0 (Tamura et al., 2013) . Tree topologies and distances were evaluated by bootstrap analysis based on 1000 replicates (Felsenstein, 1985) .
Strain hydD622
T was incubated on MB at 4, 10, 15, 20, 25, 30, 32, 35, 37 and 42 C to determine its optimal growth temperature. The pH range for growth was measured with MB at 25 C for 3 days. The following buffers were used to adjust the pH: Na 2 HPO 4 /NaH 2 PO 4 for pH 5-7 and Na 2 CO 3 /NaHCO 3 for pH 8-11 (Gomori, 1955; Bates & Bower, 1956 ). Growth at various concentrations of NaCl (0, 0.5 and 1.0-8.0 %, at increments of 1.0 %) was investigated by supplementing with the appropriate concentrations of NaCl on R2A agar (Reasoner & Geldreich, 1985) . Motility was assessed with the wet mount method and observed with light microscopy. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 . Cytochrome oxidase activity was determined with the Oxidase reagent (bio-M erieux). The degradation of starch, gelatin and Tweens 20, 60 and 80 was examined on MG plates with 1 % (w/v) of each substrate. DNase activity was determined with DNase test agar (Difco) supplemented with 2 % (w/v) NaCl. Endospores were stained with malachite green and observed with light microscopy. Acid production from carbon sources was determined with the API 50CH system (bioM erieux). Other biochemical characteristics and enzyme activities were analysed with API 20E, API 20NE and API ZYM (bioM erieux) following the manufacturer's instructions. The assimilation of carbon sources was also determined with Biolog's automated microbial identification system using cells cultured on MG plates for 24 h. Cell suspensions were made by mixing 2 % NaCl with the Biolog medium following the manufacturer's instructions. Methylamine, dimethylamine, and trimethylamine utilization was examined on minimal salt medium solidified with 1 % (w/v) gellan gum (Janssen et al., 2002) with 10 mM of each substrate. All the tests were performed twice. Resistance or susceptibility to antibiotics was tested on MG plates with antibiotic discs (Liofilchem) containing the following (µg per disc): ampicillin (10), carbenicillin (100), chloramphenicol (30), erythromycin (15) T (Park et al., 2014) obtained from the Korea Collection for Type Culture (KCTC) were cultured for 2 days under the same conditions on MG plates at 25 C. Cells were harvested at the exponential phase of growth, and fatty acid methyl esters were extracted and analysed by gas chromatography with the Microbial Identification System (MIDI, version 6.0) software package (database TSBA 6.0). Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), purified by TLC on Kieselgel 60 F254 plates (20Â20 cm; Merck) with petroleum ether/diethyl ether (9 : 1, v/v) as the solvent, visualized by short-wavelength UV and analysed by reverse-phase HPLC at a flow rate 1 ml min À1 (Kim et al., 2010) . Polar lipids were extracted and analysed by two-dimensional TLC and identified with molybdenum blue, ninhydrin, a-naphthol, Dragendorff's reagent and 5 % molybdatophosphoric acid reagent spray (Minnikin et al., 1984) . The DNA G+C content was determined by the HPLC method (Mesbah et al., 1989) , and Escherichia coli KCTC 2441 T DNA was used as the reference. DNA-DNA hybridization was performed between strain HydD622 T and the reference strains A. albus KCTC 22256
T and A. litoreus KCTC 42116 T .DNA from all three strains was independently labelled with photobiotin (Sigma) and then hybridized to DNA from the other two strains non-covalently linked to a microplate (Greiner BioOne) at 45 C (Ezaki et al., 1989) .
T formed yellowish-white colonies of 1.5-2 mm in diameter with a slight depression on MSA in 3 days. After 1 week, the colonies sank down below the surface of the solid agar. About 3 weeks after incubation, all the agar was melted to a liquid. Growth occurred at pH 5-9 and at temperatures from 10 to 30 C but not at 4 C or above 32 C, with an optimum pH and temperature of pH 7-8 and 25 C, respectively. Strain HydD622 T was Gram-reaction-negative and motile with a single polar flagellum (Fig. S1 , available in the online Supplementary Material). Strain hydD622 T was susceptible to ampicillin, carbenicillin, chloramphenicol, erythromycin, gentamicin, lincomycin, nalidixic acid, neomycin, novobiocin, penicillin G and tetracycline but resistant to kanamycin, streptomycin and vancomycin.
Strain HydD622
T shared 98.4, 98.0 and 96.5 % 16S rRNA gene sequence similarity with the type strains of A. litoreus, A. albus and A. gilvus, respectively, calculated by the sequence identity matrix of the BioEdit program (Hall, 1999) . In a phylogenetic tree based on the 16S rRNA gene sequences, strain hydD622
T was clustered with A. gilvus KCTC 32555
T , forming a branch with A. albus KCTC 22256 T and A. litoreus KCTC 42116 T (Fig. 1) .
The DNA-DNA relatedness between strain hydD622 T and A. litoreus KCTC 42116 T and A. albus KCTC 22256 T was 39.0 and 37.8 %, respectively (Table 1) . A summary of the morphological, physiological and biochemical characteristics of strain hydD622 T is presented in Table 2 . The major fatty acids (>10 %) of hydD622 T were C 16 : 0 (26.0 %), summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c) (19.8 %) and summed feature 8 (C 18 : 1 !6c/C 18 : 1 !7c) (33.5 %). A summary of the fatty acid contents of strain hydD622
T and related species is given in Table 3 . Respiratory quinone analysis indicated that Q-8 was the isoprenoid quinone. Phosphatidylethanolamine (PE), diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and one unknown lipid were detected in the polar lipid extracts of strain hydD622
T . The polar lipid profile of hydD622 T is shown in Fig. S2 .
The results obtained from this study were sufficient to show that strain hydD622 T belongs to the genus Agarivorans. However, strain hydD622 T could be differentiated from A. albus, A. gilvus and A. litoreus based on the enzymic inactivity of esterase lipase, the susceptibility to different antibiotics, the ability to use substrates such as L-fucose, 5-and 2-ketogluconate, and the inability to utilize acetate, amygdalin, inosine and L-serine. DNA-DNA hybridization values of strain hydD622 T with A. litoreus and A. albus fell below the 70 % threshold recommended to differentiate a novel species. Major polar lipids of strain hydD622
T consisted of PE, PG and DPG. Summed feature 8 (33.5 %) in strain hydD622
T was higher than in A. albus, A. gilvus and A. litoreus, and C 16 : 0 (26.0 %) was also abundant in strain hydD622
T . Branched fatty acids iso-C 14 : 0 , iso-C 16 : 0 and iso-C 18 : 0 were found in significant amounts in A. albus and A. litoreus but not in strain hydD622
T . On the basis of the physiological characteristics and phylogenetic analysis, strain hydD622
T represents a novel species within the genus Agarivorans, for which the name Agarivorans aestuarii sp. nov. is proposed.
Description of Agarivorans aestuarii sp. nov.
Agarivorans aestuarii (aes.tu.a¢ri.i. L. gen. n. aestuarii of a tidal flat, from where the type strain was isolated).
Cells are aerobic, Gram-reaction-negative, motile with a single polar flagellum, rod-shaped and non-spore forming. Colonies are circular, smooth on MG, convex with an entire margin, sunken in agar and yellowish-white in colour. Cells are 1.5-1.8 µm in length and 0.5-0.8 µm in diameter after being incubated on MG for 3 days. Growth occurs at temperatures from 10 to 30 C and at pH 5-9 in the presence of T is 44 mol%. 
